As industry and agriculture have both continued to develop rapidly, pesticide consumption and human exposure to heavy metals in the environment have also increased [1, 2] . The quantity of contaminants entering the environment has significantly increased, and environmental pollution can no longer be attributed to a single pollutant; rather, a variety of pollutants exist as mixed components in coexisting systems [3] . Compound pollution of pesticides and inorganic pollutants, represented in this study by heavy metals, is widespread in our environment.
compounds affecting the surface and soil waters [6] . While compound pollution by pesticides and heavy metals has become increasingly common in agroecosystems, it has only been studied in very general terms. As an urgent topic, compound pollution by pesticides and heavy metals has slowly gained popularity as a topic in agricultural environmental science research in recent years [7] .
Sediment comprises small particles that move by fluid flow and eventually form a solid layer particle system at the bottom of water or other liquid. Sediments on natural surfaces and in water are important carriers, and a major sink, of many pollutants [8] . At present, combined pesticide and heavy metal pollution and the adsorption of pesticides in the water-sediment environment are important topics in environmental science [9] [10] [11] , and recent research includes examinations of the distribution of pesticides and heavy metals in sediments in different regions [12] [13] [14] , including the soil and water contamination caused by heavy metals in the different municipal waste landfill areas [15, 16] , the mechanisms by which pollutants are adsorbed to sediments [17] , and the mechanisms that control the adsorption of compound pollutants to sediment [18] .
Studies of compound pollution by pesticides and heavy metals have mainly examined the effects of compound pollutants on soil quality; for example, the effects of pesticide and heavy metal compound pollution on soil enzymes [19, 20] , the effects of combined pesticide and heavy metal pollution on soil microbes [21] [22] [23] [24] , toxic effects on plants [25, 26] , and the effects of interactions between pesticides and heavy metals. At present, most studies of compound pollution have examined two different pollutants, and few studies have examined compound pollution from three or more different pollutants. Furthermore, there have been few detailed studies of the mechanisms that influence the effects of interactions among different pollutants and toxicity at different pollutant concentrations. Li et al. [27] used the resolution IV 2 fractional factorial design method to study the composite contamination of zinc and 10 pollutants on sediments, and focused on the interaction effects among the concentrations of multiple pollutant factors. They used complete folding and a block design to help distinguish the link between the main effect and second-order interaction effects, but failed to clearly distinguish the links between the second-order interaction effects.
In this study, we used a resolution V 2 10-3 fractional factorial design method to examine the characteristics of metalaxyl adsorption to superficial sediments in a pesticide (metalaxyl, atrazine, dimethoate, prometryn, and malathion)/heavy metal (lead, zinc, copper, nickel, and cadmium) composite contamination system. We also attempted to eliminate the confounding effects between the second-order interaction effects and identify the effects of each second-order interaction on the target pollutants using the resolution V 2 method. We then compared the results with those from a resolution IV 2 10-5 fractional factorial design method. This is the first time that the pesticide metalaxyl has been used as the target pollutant in studies of a composite sediment system contaminated with pesticides and heavy metals. The results of this study therefore will provide information about the mechanisms that govern combined pollution from pesticide and heavy metal compounds.
Material and Methods

Sediment Sample Collection and Pretreatment
We collected sediment samples from the Songhua River in Jilin, China. Refer to the "Water and Wastewater Monitoring and Analysis Method" during the sampling process. Specific steps were as follows: samples were collected to a depth of 5 cm below the surface using a digging-type sampler. At each sampling point four samples, spaced at 20 cm intervals, were collected and combined to form a uniform sample. After the sample collection was completed, we removed the non-sediment components (for instance stones, garbage, biological debris, etc.), the river water was filtered and packaged with the sediment samples in a sampling bag to ensure that no leakage or contamination occurred during transportation. In the end, the samples were natural withering, ground, and sieved in the laboratory, and the finished sediment samples were placed in a jar for sealing.
Experimental Methods and Design
We selected a total of 10 pollutants comprising five pesticides, namely metalaxyl (marked A), atrazine (B), dimethoate (C), prometryn (D), and malathion (E), and five heavy metals, namely lead (F), zinc (G), copper (H), nickel (J), and cadmium (K), as the experimental factors. In this study, we chose the pesticide metalaxyl as the target pollutant and we examined the main effects and second-order interaction effects of the pollutant factor concentrations on the adsorption of the target pollutant to the sediment. The pesticide concentrations were between 10 and 25 μmol/L and the heavy metal concentrations were between 60 and 150 μmol/L. In this experiment we used a resolution V 2 10-3 fractional factorial experiment with a minimum low-order mixture, and set a unit of 128 parallel to the sample, and processed a total of 384 groups. Using the principles of fractional factorial design in Minitab, the interactions of metalaxyl (A), atrazine (B), dimethoate (C), prometryn (D), malathion (E), zinc (G), and lead (F), the form of the generating element, and the concentrations of copper (H), nickel (J) and cadmium (K) were determined as follows: F = CABK, G = ABED, and J = CBEH. Again, following the principles of fractional factorial design in Minitab, the interactions of dimethoate (C), atrazine (B), malathion (E), prometryn (D), cadmium (K), lead (F) and zinc (G), the form of the generating, and the concentrations of metalaxyl (A) were chosen as follows: A = CBKF = BEDG. The mixed solution contained 10 pollutants at different concentrations. The configured 384 solutions were added to a conical flask that contained a sediment sample (0.5000g±0.0001g). The remaining 128 mixed solutions were placed into dry clean conical flasks without sediment. Each solution was sealed with a cotton swab and oscillated at room temperature for 48 h, after which the solutions were passed through filter paper with a pore size of 0.22 µm. The initial pesticide and heavy metal concentrations and the concentrations in the solution were measured by high-performance liquid chromatography and flame atomic absorption spectrophotometry. Finally, the Table 1 . Adsorption of the sediment to metalaxyl in a pesticide/heavy metal coexistence system (µmol/g).
NO.
Adsorption pollutant adsorption was determined by differential subtraction [28] . The adsorption of the sediment to metalaxyl in pesticide/heavy metal coexistence system was shown in Table 1 .
In line with the principles of the resolution V 2 10-3 fractional factorial design method, the generators of the main effects and the second-order interaction effects and the aliases of the main effects and the second-order interaction effects were determined as follows:
Aliases of the second-order interaction effects: This analysis indicated that without considering the role of third-order interaction effects, the resolution V 2 10-3 fractional factorial design could be used to identify the confounding structure of the interactions, to completely distinguish the main effects from the second-order interaction effects using the resolution V 2 10-3 fractional factorial design method, and to estimate the response value of the main effects and the secondorder interaction effects. The adsorption mechanisms of target pollutants when influenced by the main effects and second-order interaction effects were also examined.
Results and Discussion
Data Processing and Analysis of the Resolution V 2 10-3 Fractional Factorial Design Method
We used the design of experiments module in Minitab software to: (1) test the fit of the fixed effects model of the resolution V 2 10-3 fractional factorial design method, (2) determine the relationships between metalaxyl adsorption onto the surficial sediments in the pesticide/heavy metal composite contamination system and the concentrations of the 10 pollutant factors, and (3) estimate the main effect and the second-order interaction effects of the pollutant factor concentrations on metalaxyl sorption to surficial sediments in the pesticide/heavy metal system. The fractional factorial design method artificially controls the pollutant factor concentrations at fixed levels, which means that we can reasonably analyze the main effect and the second-order interaction effects of the pollutant factor concentrations in the composite system on the metalaxyl adsorption capacity of the sediment with the fixed effects model. We tested the fit, assuming a normal distribution, independent of the residuals, and homogeneity of the variance, before using a fixed effects model to examine the main effect and the second-order interaction effects of the pollutant factor concentrations in the pesticide/ heavy metal combined system. We used analysis of variance (significance level of 0.05) to analyze the main effect and the second-order interaction effect of the concentrations of each pollutant factor in the pesticide/ heavy metal combined system when the significant impact factors were filtered out, and determined whether the main effect and the second-order interaction effect of the concentrations of each pollutant factor had a significant effect on the adsorption of sediment to metalaxyl.
Testing the Fit of the Fixed Effects Model of Metalaxyl Adsorption
The accuracy of the fixed effect model was verified by testing the fit. We can assess the rationality of the model by checking if the model residuals conform to the distribution law. The residuals of a reasonable model should be scattered irregularly. The model test results calculated with the residual test module in Minitab are shown in Fig. 1 .
The fact that the residuals were normally distributed in the columnar plot ( Fig. 1) shows that there were no abnormal trends in the residuals and that the sample data did not deviate from the normal distribution. Examination of the relationship between the residuals of the experimental data and the model fitting values showed that the residual points were irregularly distributed, which confirms that the homogeneity hypothesis of the model was satisfied. The relationship between the residuals and the experimental sequence shows that the residuals did not change with changes in the sequence of the experiment, and so proved the independence of the model. This analysis of the residuals showed that the fixed effect model was suitable for the factorial experiment design in this study.
Analysis of Variance and Estimates of Effects by the Fixed Effect Model
We carried out analysis of variance of the main effect and the second-order interaction effects of the pollutant factor concentrations on the capacity of sediment to adsorb metalaxyl using the fixed effect model with the resolution V 2 10-3 fractional factorial design method. The results of this analysis are presented in Fig. 2 . Estimates of the effects of the main effect and the second-order interaction effects of the pollutant factor concentrations on the capacity of the sediment to adsorb metalaxyl are presented in Table 2 .
The analysis of variance results show that the resolution V 2 10-3 fractional factorial design method estimated the degrees of freedom (DF) of the secondorder effect at 45, higher than IV resolution, which can provide enough information to distinguish the alias of the second-order interaction effects. The P values of the main effect and the second-order interaction effects were both significantly lower than the significance level of 0.05, indicating that the main effect and the second-order interaction effects of the pollutant factor concentrations had a significant effect on adsorption of sediment to metalaxyl. To analyze the characteristics of the composite contamination, we had to screen out the specific main effect and the second-order interaction effects. As shown in Table 2 , metalaxyl, as the main effect, had a significant synergistic effect on the absorption of the sediment to metalaxyl; copper and lead were the only heavy metals to have a significant effect on the absorption of sediment to the metalaxyl. The P value was less than 0.05 for the second-order effects of 17 combinations of pollutant factor concentrations, which showed that the second-order effects had an important influence on the absorption of sediment to the metalaxyl. In descending order, the second-order interaction effects of the concentrations of dimethoate*metalaxyl, atrazine*prometryn, prometryn*zinc, atrazine*lead, metalaxyl*lead, malathion*copper, atrazine*copper, atrazine*malathion, zinc*nickel, copper*cadmium, malathion*zinc, dimethoate*zinc, atrazine*cadmium, copper*lead, prometryn*nickel, metalaxyl*nickel, and dimethoate*malathion pollutant factors had significant effects on metalaxyl adsorption on the sediment. The second-order interaction effects of various combinations of pollutant factors, namely, listed in decreasing order -dimethoate*metalaxyl, atrazine*prometryn, prometryn*zinc, metalaxyl*lead, atrazine*copper, atrazine*malathion, copper*cadmium, malathion*zinc, dimethoate*zinc, copper*lead, and prometryn*nickel -had significant antagonistic effects on the adsorption of metalaxyl on the sediment. Various other combinations of the pollutant factors, namely (in decreasing order), atrazine*lead, malathion*copper, zinc*nickel, atrazine*cadmium, metalaxyl*nickel, and dimethoate*malathion, had second-order interaction effects with significant synergistic effects on metalaxyl adsorption on the sediment.
Echeverría et al. [29] measured the effects of single metals on the adsorption of other metal ions. Results showed that lead and copper inhibited the adsorption of nickel, zinc, and cadmium. This inhibitory effect may help to explain why, as the main effect, the lead and copper concentration factors had significant synergistic/ antagonistic effects on the adsorption of metalaxyl on the sediment. Zhang et al. [30] studied the adsorption behavior at the soil-water interface when influenced by lead, zinc and copper, and also the competitive adsorption and desorption behaviors of copper and lead in single adsorption and binary metal combined systems. The results showed that the physical and chemical properties of soil affected the adsorption capacity of the metals, both in the single and the binary metal combined system, and the soil had a greater capacity to adsorb lead than copper. In the system with two metals, the presence of both metal ions affected the total adsorption by the two metals, which was manifested as competitive adsorption between the metal ions. Therefore, the different physical and chemical properties of different pesticides and heavy metals may help to explain the variable sediment adsorption capacities of pesticides and heavy metals in the heavy metal/pesticide combined system. 
Analysis of the Contribution Rate of Significant Effects of Pollutant Factors on the Fixed Effects Model
The contribution rates of the significant main effects and second-order interaction effects to metalaxyl adsorption, calculated by the resolution V 2 10-3 fractional factorial design method (Table 3) , provide a good illustration of the effects of composite contamination on metalaxyl adsorption.
As shown in Table 3 , contributions of 21% and 79% from the main effect and second-order interaction effects of the pollutant factor concentrations, respectively, had significant effects on adsorption of sediment to the metalaxyl, that is to say the second-order interaction effects of the pollutant factor concentrations affected the absorption of sediment to metalaxyl stronger than the main effects, though it was shown that the main effect and the second-order interaction effects of the pollutant factor concentrations had a significant effect on adsorption of sediment to metalaxyl (due to the P values of the main effect and the second order interaction effects were both significantly lower than the significance level of 0.05) at the previous paragraph in analysis of variance ( Fig. 2) . At this point, we came to a result that was further than from Fig. 2 . The contributions of the main and the second-order interaction effects of the pollutant factor concentrations to significant synergistic and significant antagonistic effects on the adsorption of sediment to the metalaxyl were 47.93% and 52.07%, respectively. The synergistic effects were a major control on the absorption of sediment to metalaxyl, and metalaxyl adsorption was strongly affected by the inhibitory effects of pollutant factors. The main effect and second-order interaction effects in the synergies accounted for 36.32% and 63.68%, the main effect and the second-order interaction effect accounted for 6.81% and 93.19% of the antagonistic effect respectively. It can be seen that the second-order interaction effects dominates both in synergy or antagonism.
We used the best subset regression model based on the multiple linear regression model to verify the significant factors of the main effects and second-order interaction effects, and a multiple linear regression model and a best subset regression model to verify the statistical significance of the main effects and the second-order interaction effects that we obtained from the resolution V 2 10-3 fractional factorial design method.
We established multiple regression adsorption models with the statistics module in Minitab to examine the degree to which adsorption of sediment to metalaxyl was influenced by interactions among the main effects and second-order interaction effects. First, we set all 10 pollutant factors and their second-order interaction terms as independent variables in the multiple linear regression models and obtained the following model structure: Results of the goodness of fit test and the significance test (T test) for the multiple linear regression model was carried out by the resolution V 2 10-3 fractional factorial design method. As for the results of the goodness of fit to Equation 1, the multiple correlation coefficient square (R 2 ) value was 80.29%, which indicates that the independent variables of Equation 1 explained up to 80.29% of the variation associated with cadmium adsorption on the sediment. The results also show that the fitting effect of Equation 1 was relatively good. The forecast R 2 obtained from repeat experiments was 59.97%, which was much lower than the R 2 (80.29%) of Equation 1, and indicates that there was some model overfitting and that some of the independent variables needed to be omitted.
The results of the T test for Equation 1 are shown in Table 2 . The P value of the partial independent variable was greater than 0.05, which shows that some of the main effects and second-order interaction effects of the 10 factors examined in this study had no significant effect on adsorption of sediment to the metalaxyl. It also showed that we needed to establish a new multiple linear regression model that could adequately characterize the composite contamination of metalaxyl and other pollutants on the sediment using the best subset regression modeling method to screen out the main effects and second-order interaction effects that had a statistically significant effect on the adsorption of metalaxyl.
When building the optimal multiple linear regression models to describe the adsorption in the composite contamination system, we established the best subset regression models using the best subset regression method and list of aliases that screened out the independent variables in the multiple linear regression adsorption models ( Table 4) . We had two criteria for this model: (1) the R-squared value was at a maximum, and (2) Mallows' Cp (used to estimate the mean square error) was as low as possible . The 8 th model, with dimethoate as the main effect, and dimethoate*cadmium, metalaxyl*Cu, atrazine*zinc, malathion*nickel, and prometryn*cadmium as the second-order interaction effects, was the best subset regression adsorption model because it had the lowest Mallows' Cp, and its adjusted R 2 , at more than 80%, was the highest ( Table 4 ). The adsorption of metalaxyl in the model was described as follows:
Adsorption of metalaxyl = 0.3394 + 0.1208 metalaxyl + 0.0631 copper − 0.0375 Pb − 0.0769 dimethoate * metalaxyl + 0.0387 dimethoate * malathion − 0.0414 dimethoate * Zn − 0.0540 metalaxyl * Pb + 0.0390 metalaxyl * Ni − 0.0486 atrazine * malathion − 0.0651 atrazine * prometryn − 0.0510 Atrazine * Cu + 0.0411 atrazine * Cd + 0.0549 atrazine * Pb + 0.0522 malathion * Cu − 0.0448 malathion * Zn − 0.0567 prometryn * Zn − 0.0391 prometryn * Ni − 0.0454 Cu * Cd − 0.0408 Cu * Pb + 0.0457 Zn * Ni − 0.0198 dimethoate − 0.0102 dimethoate * Cd + 0.0188 metalaxyl * Cu + 0.0064 atrazine * Zn +0.0292 malathion * Ni − 0.0068 prometryn * Cd.
When compared with the resolution V 2 10-3 fractional factorial design method, the number of statistically significant effect terms of Equation 2 increased by six, namely the interactions between dimethoate, dimethoate * cadmium, metalaxyl * copper, atrazine * zinc, malathion * nickel, and prometryn*cadmium. The contributions of the synergistic effects and antagonistic effects with the additional six factors are shown in Table 3 .
As shown in Table 3 , the fact that the contributions of the synergistic and antagonistic effects for the additional six factors listed above for the fixed effects model and those for the fixed effects model in the resolution V 2 10-3 fractional factorial design method were not significantly different, confirming that the results simulated by the fixed effects model for resolution V 2 10-3 fractional factorial design method were accurate.
Analysis of the Difference between Resolution V 2 10-3 and IV 2 10-5 Methods
The resolution V 2 10-3 fractional factorial design method estimated the freedom of the second-order effect at 45, and was able to remove the confounding effects of the second-order interaction effects. In contrast, the resolution IV 2 10-5 fractional factorial design method estimated 39 freedoms. The resolution V 2 10-3 fractional factorial design comprised 17 second-order interaction effect terms that had a significant effect on absorption of sediment to metalaxyl. Only three of the second-order interaction effects from the resolution IV 2 10-5 fractional factorial design were significant, namely (in decreasing order) atrazine * copper, prometryn * copper, and Table 4 . Continued.
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lead * nickel. The fact that the resolution IV 2 10-5 fractional factorial design method had 14 fewer significant second-order interaction effects than the resolution V 2 10-3 method shows that the resolution IV 2 10-5 fractional factorial design did not provide enough information to distinguish the aliases of the secondorder interaction effects. The second-order interaction effects associated with the target pollutant metalaxyl in the resolution V 2 10-3 fractional factorial design method were not aliased. The resolution V 2 10-3 fractional factorial design therefore eliminated the aliasing between the second-order interaction effects.
In recent studies, including molecule design [31] , the exploration of factors affecting drug properties [32] , and the adsorption of heavy mental/pesticides [33, 34] , have already used a fractional factorial design with a resolution of V to explore the main effects and interaction effects between the different factors. As for the research of competitive adsorption of heavy mental and pesticides, it was mostly among different heavy metals or different pesticides. Going forward, it has been documented that when heavy metals and pesticides coexisted, interactions occurred in coexisting systems, which are mainly characterized by competitive adsorption in the soil and sediment environment, chelation, interactions by changing environmental conditions, and the process of absorption and migration in plants.
For example, the heavy metal Cu can reduce the adsorption of humic acid to propofol, probably because Cu and propofol can bind to the carboxyl and phenolic groups of humic acid, competing for the same adsorption site [35] ; Zn, Cu and glyphosate also interact by competing for the same site [36, 37] . Some groups in the glyphosate molecule can easily combine with metal ions to form ligands, which cause heavy metals to complex with pesticides, changing the migration and transformation of them in the environment, thus affecting the content and adsorption of them in the medium [38] . The complexation of Cu with glyphosate reduced the adsorption of montmorillonite to glyphosate by [39] , and their combination can also reduce the adsorption of fulvic acid to glyphosate [40] . In another medium soil, some researchers had found that the stronger the complex formation of Cu and glyphosate, the easier it is to be adsorbed by the soil, and the amount of glyphosate adsorbed by the soil increased [37] .
In 2018 Chu [33] identified the main effects and second-order interaction effects of pollutants (copper, cadmium, lead, zinc, nickel, dimethoate, metalaxyl, atrazine, malathion, and prometryn) on metals adsorption onto sediments, to reveal the relationships between metal ion characteristics and the effects of pollutants on metals adsorption, while the relationships between adsorption characteristics and effects in the above pollutants on pesticides adsorption were revealed by Wang et al. [34] .
Compared with the above two studies, this study focused on contrastive analysis to IV and V. As shown in Table 3 , for the resolution IV 2 10-5 fractional factorial design method, the contributions of the significant main effects and second-order interaction effects of the pollutant factor concentrations on absorption of sediment to metalaxyl were 26% and 74%, respectively. This shows that as was the case for the resolution IV 2 10-3 method (for which the contributions of the significant main effects and second-order interaction effects of the pollutant factor concentrations on absorption of sediment to metalaxyl were 21% and 79%, respectively), the second-order effects had most influence on absorption of sediment to metalaxyl for the resolution IV 2 10-5 method. Also, the same as the research by Wang et al. [33] , second-order interaction effects were primarily responsible for metalaxyl (the rates of contributions were 79.05%) in the pesticide/ heavy metals coexisting sediment system. There was also some overlap between the main effects and secondorder interaction effects for the resolution V 2 10-3 and resolution IV 2 10-5 methods that had a significant effect on metalaxyl adsorption on the sediment, namely when the main effect was copper and the second-order interaction effect was atrazine*copper. Furthermore, the atrazine*copper second-order interaction effect had a significant synergistic effect absorption of sediment to metalaxyl for the resolution V 2 10-3 and the resolution IV 2 10-5 methods.
In Table 3 , for the resolution IV 2 10-5 fractional factorial design method, the sum of the contributions of the main effects and the second-order interaction effects of the pollutant factor concentrations with significant synergistic effects and significant antagonistic effects on metalaxyl adsorption on the sediment were 19.60% and 80.40%, respectively. This differed from the resolution V 2 10-3 fractional factorial design method (for which the same contributions were 47.93% and 52.07%, respectively). The contribution of the significant antagonistic effects to absorption of sediment to metalaxyl was much greater than the contribution of the significant synergistic effects for the resolution IV 2 10-5 fractional factorial design method. The results show that the sum of the contribution of the main effects and second-order interaction effects of the pollutant factor concentrations with significant synergistic effects on the adsorption of metalaxyl on the sediment was 28.33% lower (19.60% compared with 47.93%) for the resolution V 2 10-3 method than for the resolution IV 2 10-5 method, and that these effects were underestimated by the resolution IV 2 10-5 fractional factorial design method. Comparison of the resolution V 2 10-3 and the resolution IV 2 10-5 methods showed that the sum of the contribution of the main effects and second-order interaction effects of the pollutant factor concentrations with significant antagonistic effects on adsorption of metalaxyl on the sediment was 28.33% higher (52.07% compared with 80.40%) for the resolution IV 2 10-5 method, which indicates that the resolution IV 2 10-5 fractional factorial design method overestimated these effects.
The problems of overestimation and underestimation of the contributions of the main and second-order interactions effects associated with the resolution IV 2 10-5 method were therefore solved by the resolution V 2 10-3 fractional factorial design method. This example serves to highlight the complexity of the composite pollution mechanisms between pesticides and heavy metals.
Differences between the Mechanisms of Metalaxyl and Cadmium Adsorption in the Resolution V 2 10-3 Fractional Factorial Design Method
As already reported by Gu et al. [28] , when cadmium was the target pollutant, the freedom of the secondorder effect estimated by the resolution V 2 10-3 fractional factorial design method increased from 21 (obtained for the resolution IV 2 10-5 method) to 45. When metalaxyl was the target pollutant, the freedom of the secondorder effect increased from 36 for the resolution IV 2 10-5 method to 45 for the resolution V 2 10-3 method.
In the heavy metal/pesticide combined system, the contributions of the main and second-order effects to Cd adsorption for the resolution V 2 10-3 fractional factorial design method were 87% and 13%, respectively. In this study, the contribution rates of the main and the second-order interaction effects to metalaxyl adsorption for the resolution V 2 10-3 fractional factorial design method were 21% and 79%, respectively. In the system with only heavy metals, the contribution of the significant main effects to metalaxyl adsorption was lower than the contribution from the significant secondorder interaction effects. In the heavy metal/pesticide combined system, the second-order interaction effects had the most influence on metalaxyl absorption on sediment, while the main effects had the most influence on the absorption of sediment to the cadmium. The sediment therefore had a lower capacity to absorb metalaxyl than cadmium.
In the heavy metal/pesticide combined system, the sum of the contributions of the main effects and secondorder interaction effects with significant synergistic and significant antagonistic effects on the absorption of sediment to the cadmium were 49.80% and 50.16%, respectively, and the sum of the contribution rates of the same effects to metalaxyl adsorption on the sediment were 47.93% and 52.07%, respectively, for the resolution V 2 10-3 fractional factorial design method. The balance between the significant synergistic and significant antagonistic effects for adsorption of metalaxyl and heavy metals on sediment was also different. The significant synergistic and significant antagonistic effects on the absorption of sediment to the cadmium reached a state of equilibrium; that is, the synergistic and antagonistic effects cancelled each other out. The contribution of the main effects and secondorder interaction effects with antagonistic effects on metalaxyl adsorption on sediment was higher than the contribution of the synergistic effects, which shows that the antagonistic effects controlled absorption of sediment to metalaxyl. We suggest that metalaxyl adsorption is less stable than cadmium adsorption.
The above comparisons show that sediment has a lower capacity to adsorb pesticides than heavy metals, and that pesticide adsorption is also less stable than heavy metal adsorption in a pesticide/heavy metal combined system. (1) In this study, we used a fixed effects model to screen out the significant (P = 0.05) main effects and the second-order interaction effects on absorption of sediment to metalaxyl using the resolution V 2 10-3 fractional factorial design method. We also estimated and characterized the effect of composite contamination on metalaxyl adsorption. Using the multiple linear regression model and the optimal subset regression model, we verified that the main effects and second-order interaction effects from the resolution V 2 10-3 fractional factorial design method were statistically significant.
Conclusions
(2) This is the first study that has considered metalaxyl as the target pollutant. Comparison of the results from the resolution V 2 10-3 and the resolution IV 2 10-5 fractional factorial design methods for a pesticide/heavy metal composite contamination system showed that the resolution V 2 10-3 method was able to identify all the aliases of the second-order interaction effects associated with metalaxyl, and also solved the issues associated with overestimating and underestimating the contributions of the main and second-order effects to the synergistic and antagonistic effects on adsorption associated with the resolution IV 2 10-5 method. We also provided new information about the differences in the adsorption characteristics of metalaxyl and cadmium in the same system.
(3) We have demonstrated that this method can be used to study the main effect and second-order interactions of other pollutants, and that the interactions that occur between pesticides and heavy metals in a combined pollutant system can be identified.
The results of this study will provide information about the mechanisms that govern combined pollution from pesticide and heavy metal compounds. It also provides a theoretical basis for revealing the composite pollution between different pollutants in the water or sediment environment. However, in this paper only the pesticide metalaxyl was used as the target pollutant, and we explored the effects of pesticides and heavy metals concentrations in a composite contamination system on adsorption of sediment to simplex metalaxyl. As for the next research direction of pesticides/heavy metal compound pollution, it can be used as a research object for all pesticide heavy metals in the composite contamination system instead of the simplex pesticide or heavy metal, and explore the joint adsorption mechanism of each pesticide heavy metal in the composite system.
